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SAND80-1455/11

SEISMIC REFLECTION MAPPING OF
DISCONTINUOUS SANDSTONE BODIES

PART II
FIELD EXPERIMENT

T. L. Dobecki
Sandia National Laboratories

Albuquerque, NM 87185

ABSTRACT

Three-dimensional seismic reflection data were acquired at a site in

East-Central Utah where known sandstone channeling existed in the O-1500 ft

depth range. The site was atop a bluff-bounded on three sides by cliff faces

on which the channels were observed to outcrop. Geologic descriptions of

outcrop and a corehole were developed in coordination with this seismic

investigation as a means of evaluating the seismic interpretation.

Two-dimensional vertical slices of the 3-D data exhibit characteristics

similar to those observed in a companion synthetic model study of channel

sands. Observed reflections were discontinuous , exhibited channel character

(concave-convex surfaces, peak-to-peak thickening), and could be correlated

on a number of parallel sections. Two-dimensional horizontal (time) slices

of these same data support the interpreted trend and attitude of three channels

as determined from the vertical sections. When projected from the area of

the seismic survey out to outcrop position on the cliff face, these seismically

determined channels have a good correlation with observed, outcropping

sandstones. Disagreement between seismically predicted channel trend and

trend determined statistically from outcrop measurements exists, but for two

of the three channels detected, this disagreement is minor.
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1.0 INTRODUCTION

Part I of this report (Dobecki, 1980) outlines the rationale behind

employing seismic techniques for the mapping of sandstone channel reservoirs

typical of the tight (low permeability) gas sands of the Western United

States. That report also characterizes the theoretical seismic signature of

such channel bodies by way of a two-dimensional synthetic seismogram study.

This section Of the report, Part II - Field Experiment, describes

a coordinated field program employing combined seismic, borehole, and outcrop

information to evaluate the effectiveness of seismic techniques in mapping

actual channel sands.

A site was chosen which exhibited shallow (o-2000 ft depth) channels,

some underlying continuous horizons, and extensive outcrop information. A

three-dimensional seismic survey was performed at this site in December, 1979

through early January, 1980. This report presents the results of this survey

and a seismic interpretation based upon input from the synthetic models,

outcrop, and well log data.

2.0 SITE DESCRIPTION

The primary requisites for a site suitable for performance and evaluation

of such a seismic experiment may be listed as follows.

l 1 Depth to channeling should be relatively shallow (less than 4,000 ft).

Reflections from shallower targets should retain more higher frequency

components in the seismic wavelet and thereby optimize the seismic passband

as suggested by the model study described in Part I of this report.

21 The target section should contain known channeling. The area should

have sufficient control to know that channels exist and what range of sizes

and distribution with depth might be expected.

Such a site was located in the Bryson Canyon Gas Field of east-central Utah.

Location of the site was determined with the help of William B. Cashion
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(U.S.G.S.) and Carroll F. Knutson (C.K. Geoenergy Corp.). Dr. Cashion has had

extensive experience in mapping the geology of the Uinta Basin, and Dr. Knutson

is under DOE contract to develop a means of predicting channel behavior by

means of corehole and outcrop analysis of sedimentary structures contained in

channels. It was decided that it would therefore be best to coordinate the

seismic and corehole/outcrop  programs and perform these together at a site

meeting the requirements of both.

The site is physically located in east-central Utah (Figure 1) near the

Colorado border, some 50 miles northwest of Grand Junction, Colorado. The

location is generally known as the East Canyon area, Specifically, the site

occupies a flat topped ridge (Figure 2) in Section 16, Tli'S, R24E in Grand

County, Utah. The area where the seismic survey and corehole were placed

was the top of the flat ridge within the rectangle drawn on Figure 2. The

ridge is bounded on three sides by steep cliffs exposing nearly 1110 ft of

the subsurface in their faces.

Geologically, the site is located near the southeast edge of the Uinta

Basin. The top of the ridge (Figure 3) in the seismic survey area, consists

of the Tuscher Fm. (part of the upper Cretaceous Mesa Verde group) with

underlying Farrer and Neslen formations (also Mesa Verde) exposed in the

cliff faces. Significant channel development is observed in the Farrer with

fewer channels seen in both the overlying Tuscher and underlying, coal bearing

Neslen. Deeper formations, exposed in outcrop on the drive into the site but

not in the cliff faces, include the blanket Sego sand, the Buck Tongue of

the Mancos shale, the blanket Castlegate sand, and the Mancos shale. Vertically

beneath the site, then, is a section of approximately 1500 ft of sands having

channeling underlain by a thick section of continuous beds. In addition to the

information provided by the planned C. K. Geoenergy corehole (GC #l), the site

physiography itself presents an unique input to the seismic program in that

most of the objective section (upper 1500 ft) is exposed on the cliff faces.

The site is also affected by local structure as it is situated on the



southern flank of the Westwater anticline. This feature trends roughly east-

west and plunges to the west. The Bryson Canyon field and the Westwater gas

field farther west are located on the crest of the anticline but produce

from deeper formations than the Mesa Verde group, The effect on the seismic

site area is to introduce dip to the south and west which will be superimposed

on the trend of the channels. A minor amount of faulting is observed in the

area as seen on a geologic map of the region (Cashion, 1973), and, in the

course of his detailed outcrop study of the ridge, Dr. Knutson encountered

only one, minor east-west fault (Knutson, personal communication).

The area of the site is under' the control of the Bureau of Land Management

(BLM) and therefore all plans for drilling, clearing, and performance of the

seismic survey were submitted to and approved by the BLM office in Moab, Utah.

3.0 SEISMIC SURVEY

3.1 Input geologic and well log data. From the outcrop study by Knutson

(personal communication), it was apparent that most channeling could be

expected in the Farrer fm. and that typical size would range from a few up

to 60 ft in thickness and, typically, 150-200 ft in cross-sectional width.

Well GC #I was drilled at about the same time as the seismic data were obtained.

It reached a total depth of about 1,050 ft and was logged. The logs run

included: Borehole Compensated Sonic (BHC), Caliper, Natural Gamma, and

Four-arm Continuous Dipmeter. Figure 4 presents a portion of the BHC-Gamma

log. Most apparent from this section is the fact that the sands (noted by

dotting on gamma log), particularly 280-304 ft, 385-410 ft, and 434-474 ft

(called the "Green" channel in this report) are lower velocity (8,000-8,700

ft/s) than the shalier background material (lO,OOO-10,600 ft/s). This is in

contrast with observed velocities deeper in the Uinta Basin (VSand = 11,800

ft/s) and as used in the modeling program. This is felt due both to fractur-

ing observed in the channels in outcrop and to leaching of cement by ground-

water flow in the sands at these shallow depths. However, the contrast in
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velocity across channel boundaries remains so reflections, albeit of opposite

polarity than modeled, should still be generated by the channels.

The sonic log was digitized, and a one-dimensional synthetic seismogram

was generated by Seismic International Research Corporation (SIRC), the

contractor chosen to perform the seismic survey. This seismogram (Figure 5)

starts with T = 0.000 set equivalent to the top of the log (160 ft depth),

therefore a time error representing two-way reflection time from the surface

to 160 ft is present. This was eliminated, however, by shooting into a geo-

phone at a known depth placed in the well for a true time tie. This time

correction is measured at +47 milliseconds. Several obvious features on the

seismogram are immediately apparent. First, the effect of the three thicker

channels (including the "Green" channel) in the upper 500 ft of the log is

characterized by a separate event for the shallowest but a composite event for

the lower two. That is, the channel reflection from the 385-410 ft overlaps the

"Green" channel reflection because the two bodies are only 24 ft apart. The

"Green" reflector is arbitrarily given this name as green is the color used

to follow this event in the interpretive phase described later. The response

of the Green reflector, then, is characterized by the segment of the composite

event as indicated on Figure 5. Therefore, any channeling involving this

reflector will be characterized by trough-to-trough thickening of this "Green"

composite. A second observation, given noise free data, is that the coal

bed near 924 ft (within the Neslen fm.) should provide a large amplitude and

continuous (when compared with channel deposits) reflection.

The log data and the derived synthetic record show that a) several

discrete sand beds exist, and these are assumed to be channels as no continuous

type of sand bed is observed in outcrop, b) the velocity contrast shown by

the channels yields good reflections, and c) the response of channels separated

by only 20 ft overlap in time yield a composite reflection.

3.2 Field procedures and initial observations. The seismic program was a

3-D, or areal, seismic survey. This means that instead of a number of
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explosive shot points, for example, being recorded by a linear array of

receiver (geophone) stations, a number of shot points are recorded by a two-

dimensional array of geophone stations. Figure 6 shows, basically, the field

arrangement employed in this field data acquisition program. A rectangular

array of geophone stations (6 stations by 8 stations) was set out while 6

shot points were fired. Each shotpoint, then, generated a separate record

of 48 channels. By shooting in this fashion and then moving the whole array

along the direction of traverse, a dense array of common depth points (CDP's)

are developed. Running additional, overlapping traverses results in complete

coverage of an area. Figure 7 shows the net CDP covered area at the survey

site. The area is approximately 750 ft x 1,080 ft and includes the location

of well GC tl. CDP spacing is 15 ft, yielding a 50 x 72 grid of subsurface

data points or a total of 3,600 CDP's.

Figure 8 shows two raw displays of shot data; each display shows the

output from a 48-geophone rectangle for a single shot. Each shot source

was a length (5 ft) of primacord; recording was made by SIRC using a 48-chan-

nel digital seismograph. It is apparent that the air wave from the shot is

a major source of noise, leaving a narrow time window in which to record

reflections. This is a common problem in shallow seismic surveying; the

travel time for the target reflections is very close to the travel times of

shot generated noise. In this respect, this particular survey might have

been simpler if the objectives were actually deeper. However, promising

alignments before the air wave arrival indicate the presence of valid

reflections.

In addition to the sonic log, a time calibration was obtained by shooting

from the surface into a geophone located at a depth of 260 ft in well GC Yl.

Recorded time was 0.036 set or a reflection time of 0.072 set for a 260 ft

depth. This corresponds to the earlier mentioned time tie of 0.0465 set for

the synthetic seismogram.



4.0 PROCESSED RESULTS AND INTERPRETATION

Basically, there are three possible ways to display three-dimensional

(X, Y, T) seismic data. The entire data set may be displayed, but this

requires a three-dimensional display format which must also be transparent

to display internal data points. This, although instructive, would be cumber-

some and difficult to manipulate, A second possibility would be to display

the data on selected vertical planes, or vertical slices. For example, the

plane (X, 0, Tj represents a normal-type seismic record section (X, T) along

a line Y = 0. Any arbitrary slice of the data will produce a time section.

This enables the interpreter to select dip lines, strike lines, etc. by

merely selecting lines in those directions. The third possibility would be

to display the data on selected horizontal planes, or time slices. This is

a relatively new method of display and unfamiliar to even most geophysicists

used to working with seismic data. For example, the plane (X, Y, Tl) represents

a map of reflection amplitude values over the entire survey area (X, Y) at a

given value of reflection time, T1. As this is a map of amplitudes, each data

point (CDP) has an amplitude represented by a gray scale (or color) where

black represents maximum positive amplitude (peak) and white is minimum

(trough). Therefore, a horizontal reflector will be a uniform shade at its

time of reflection. Dipping and curved reflections will be represented by

bands on dark and light having very much the same appearance as an Outcrop

pattern on a geologic map. Figure 9 shows some simple block diagrams of 3-D

structural (not seismic) situations, although the extension to seismic should

be obvious. The sides of each block represent vertical slices while the tops

and bottoms correspond to time slices.

In the following, a series of vertical slices will be discussed and

interpreted in terms of channeling. These will be followed by a series of

time slices, and any correspondence between the two displays will be noted.

4.1 Vertical slice display. Refering to Figure 7, it is noted that the

rectangular area shows six columns labeled "T-1" through "T-6." These six
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traverses represent the six vertical slices presented in this section. A

single slice section is presented for each traverse although each is a

weighted combination of twelve possible, parallel slices within each traverse.

The maximum CDP "fold", or data redundancy , of each presented section is 120

which is very substantial. Well GC #1 falls along traverse 3, so this is the

logical section with which to begin analysis. Figure 10 shows an uninterpreted

segment of the section along traverse 3 with the synthetic seismogram super-

imposed at the approximate position of well GC #I. Note that each (section and

synthetic) is plotted in reverse polarity (actual peaks become troughs and

vice versa). From the model study of Part I which had the reverse velocity

situation (higher velocity channels) peak-to-peak thickening (trough widening)

was a characteristic of channeling. By plotting reverse polarity, the field

data has the same character as the models. Particular items to notice on the

match is a) the "Green" reflection (labeled "G") on figure 10 is easily seen,

b) the shallower, sand reflection is lost in early shot noise, and c) the

coal reflection is poorly reproduced. The loss of the coal reflection is due

to its arrival at nearly the same time as the air wave interference. It is

apparent that the coal reflection will not be usable under these circumstances:

therefore one criterion noted in the model study, disruption of underlying

continuous reflections, is not available as an interpretive tool in this

study. I will now proceed to present traverse section 1 through 6 concentrat-

ing primarily on the "Green" reflector but noting other features on the

sections. It is important to recall at this time that we are dealing with

reflectors known to be discontinuous. Disruptions of a signature most likely

represent actual discontinities; i.e ., even if a reflection continues

(apparently) beyond a disruption it is more than likely the response of a

different sand body. Given the guidelines for detecting a channel seismically,

as determined in the Part I model study, interpretations of the six vertical

slices are given in the following.

4.1.1 Traverse 3. As stated previously, this traverse intersects the well
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GC #1 and is the obvious starting point for an interpretation. If particular

channel events can be noted on this section, especially if they can be tied

to the well, the next step would be to move to adjacent sections to see if

these same events persist laterally. In this way, the whole area may be

mapped.

Figure lla is the processed, although uninterpreted, section along

traverse 3. On the whole, this section exhibits several reflections; however,

there are no reflections which are continuous across the entire section. The

only ways a continuous reflector would be seen are a) if continuous beds

existed or b) if the traverse paralleled the channel axis. The first is not

valid until several thousand feet deeper, and the second would require a good

deal of luck. The discontinuous nature of the reflections is simply a conse-

quence of the geology. Figure lib shows the same section interpreted in

terms of channeling. The reflections so marked signify the "Green" reflector

at the well position (marked C on figure) and other, unknown bodies away

from the well. This interpretation was made as follows. The vertical lines

were marked on the record at positions where a seemingly continuous set of

reflections terminated. The peaks above and below the "Green" trough were

traced outward from the well and continued across a discontinuity if the

offset in reflection time was slight. Across major discontinuities (e.g.

at CDP #335) another, arbitrarily chosen interval was also marked off. To be

considered a channel reflection, the reflection should be flat or convex on its

upper surface, flat or concave on its lower surface, should show peak-to-peak

thickness variation, amplitude increase on the lower reflection, and be

discontinuous in most cases. Section 3, therefore, might possibly be inter-

preted as showing the responses of four sand channels as separated by the

vertical lines on figure llb. CDP 335 definitely separates two bodies as

there is substantial offset ( 20 milliseconds) of the reflections on either

side. To the left of CDP 335, the channel, if I may use the term, is sub-

stantially deeper, on the order of 100 ft, than the channel to the right.
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It, as well as the reflection outlined to the right of CDP 335, exhibits the

peak-to-peak thickening as well as a divergent upper reflection. The divergence

is minimal, however, due to the presence of noise on the section and to the

observation of only slight curvature on most lenses as seen in outcrop.

To the right of CDP 335, we have a choice of interpretations. Either

three separate but closely spaced channels, exist at approximately the same depth,

two channels (separated near CDP 320) , or one large channel faulted near

CDP 320. As little faulting has been observed in outcrop, the tendency is

to consider two channels. Minimum widths of these channels which, for con-

venience, I will lable A, B, and C (figure llb), C being the "Green" sand of

well GC Xl, are A = 180 ft, B = 150 ft, and C = 285 ft. Both channels A and

C continue off the section, therefore their widths are given as minimum.

Separate top and bottom reflections are not observed, so channel thicknesses

must be less than 0.5 wavelength. One wavelength, given the velocity and

approximate central frequency of the wavelet, is on the order of 130'.

Given thickness in GC #l of the "Green" sand as 40 ft (80 ft if the smaller

sand above it is included), we can estimate that each channel seen is on the

order of 40 ft thick.

The test of whether or not these are real expressions of channels is

how well these same features correlate with observations on other traverses.

I will proceed first to the east of traverse 3 (to numbers 2 and 1) then,

afterwards, to the west (numbers 4, 5, and 6).

4.1.2 Traverse 2. The first and most striking observation made in looking

at Section 2 (figure 12a) is the higher level of noise as evidenced by the

poorer signal amplitude and coherency, However, by following the same inter-

pretive procedure as described for traverse 3, and also by overlaying 2 on 3,

it is obvious that similar events can be interpreted on section 2 (figure 12b).

The same three channels are seen, as judged by width and event character.

The most significant difference is with IrAn channel which on section 2 appears

distorted, perhaps thicker, although in proper depth relationship to the other
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channels. It is felt this may be due to interference from the response of

another nearby channel not present at this position on section 3. This is

based in part on the interpretation of section 1, so additional input will be

made in the following section. The shapes and positions of the channels are

very similar to section 3 which instills confidence in the interpretation of

these as discrete, real bodies.

4.1.3 Traverse 1. Section 1 (figure 13a) is an improved section compared to

2 with a higher signal to noise ratio (S/N). The reflections, although

discontinuous, are much clearer and easier to follow. The interpreted

section (figure 13b) shows, again, the same three channels, but their positions

have moved slightly north (right). We can see the full width of "A" ( 240 ft)

as it appears totally on the section. A striking observation is the appearance

a new event labeled E on the section. This is the most convincing "channel"

signature that is seen on any section in this report. It exhibits all the

characteristics (convex-concave reflections, thickening) expected from the

Part I model study. It is some 300 ft deeper than channel B and is thicker.

However, it is not observed on section 3 or in well GC #l. This implies the

channel must trend a different direction than A, B, or C. We also note that

A has the same, non-interference, shape on section 1 as on section 3. It

is felt that channel E is the interfering channel mentioned in the previous

traverse description; the trend of channel E could be such that it is

quite close to A on section 2. Also, no other manifestation of E is seen on

section 2 apart from the interference at A. If correct, this implies that

channels A, B, and C, to this point are nearly parallel features, but deeper

channel E is trending in a substantially different direction. This is an

important observation in terms of the objectives of this experiment; that is,

channel trend may vary with depth.

Another important observation is that going from traverse 3 to 1, the

events have occurred sooner, or at earlier times. This means there is a com-

ponent of dip up from 3 to 1 which is to the northeast. This is consistent
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with the local structural situation described earlier. The site is on the south

flank of a westward plunging anticline; structural dip should be down to the

southwest, or up to the northeast. Realize, however, that this is post-

depositional structure and had no bearing on the orientation of the channels

when they were actively forming as river beds.

4.1.4 Traverse 4. This section (figure 14a) also shows good signal to noise

ratio (S/N). The interpretation, shown on figure 14b, again shows the same

channels. In this instance, however, channels B and C show a more definite

separation than on traverse 3, which implies that although quite close to one

another, they are apparently separate bodies.

4.1.5 Traverse 5. This section (figure 15a) much like traverse 2 has poor

S/N, but using the same procedures as before, an interpretation can be made

which is consistent with the developing subsurface situation. The three

channels maintain their typical positions with C separate from B. The shapes

of the events, however, are quite distorted felt due primarily to the increased

noise on this section. It appears that the left limit of A is just into the

section, the width implied ,being the same as interpreted from traverse 1.

At this point it is worth discussing probable sources of noise which

seems to vary in intensity across the site. The site of the survey itself

rests on outcropping Tuscher formation which consists of some very large,

almost continuous-looking channel sands. Therefore, right at the surface is

a hard sandstone which under normal circumstances would be expected to ring

under application of an impulsive stress load. In most shots, looking at

unprocessed shot point records such as figure 8, we see that this was not the

case. However, due to source coupling, characteristics of the sand, or other

unknown reasons, significant ringing was occasionally encountered. This is the

suspected culprit which caused signal degradation along Traverses 2 and 5.

4.1.6 Traverse 6. This final two-dimensional record section is the south-

western-most in the survey area. The uninterpreted section (figure 16a)
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shows increased S/N compared to sect:$on 5 but rtill below that of section 3.

The interpreted section (figure 16b) is quite similar to that of section 3

with channel C overlapping the channel B response. Reflection times to all

events are later than section 3 by some 17 milliseconds, again attesting to

the SW structural dip in the area. This dip provided no indication as to

direction of channel flow as we know flow was generally toward the ancient

sea which was to the east of the land mass. The general apparent StrUCtUrEi

dip (in terms of reflection time) across the site area there is approximately

33 milliseconds per 1,000 ft (two-way time). This number will prove useful

when projecting seismically observed channels to their predicted outcrop

positions.

4.1.7 Summary of two-dimensional sections. We have seen that a set of

discrete reflection events having the characteristics of channels have been

observed consistently across the survey area. Three of these are essentially

parallel with a fourth, deeper and non-parallel event observed on only two

sect ions. To interpret these in terms of channel trend, I have plotted

(figure 17) the interpreted channel edges for A, B, and C on the map of

seismic control. The channels meander about an average trend of N 60°'E

as shown on the map view. Note that this is a projected map view - all three

channels are at different depths, channel A particularly so. Also, the

northeastern ends are shallower than the southwestern ends by an estimated

128 ft using an average velocity to the channels of 8,500 ft/s. Therefore,

a true horizontal slice at a given depth would not show such a picture of

three channels; rather it would show only the outcrop pattern of one or two

of them. A similar projection of channel E would trend approximately N 10’ E

or at an angle of SO0 from the trend of the shallower channels.

The next step in the analysis of these seismic data is the comparison

of this two-dimensionally derived interpretation with' the analyzed

three-dimensional data.
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4.2 Three-dimensional, horizontal slice display. Before discussing the time

slice data, some preliminary thoughts on what the data should look like are

in order. If the channels were horizontal (i.e. no dip), then a single time

slice through a channel would show the full pattern, or map, of that channel

across the survey area. If the channel is dipping, however, several time

slices are required; shallow depths at earlier times, deeper points at later

time slices. Further, the pattern of a channel on any time slice will be a

distorted view of a channel. To illustrate, figure 18 shows the outcrop

pattern of a channel, of elliptical cross section, for dips of 0, 10, 45,

and 90 degrees. The go-degree case, the channel being vertical, is not an

expected field reality, but its outcrop pattern shows the true cross-section

of the channel. If the same channel is dipping, its outcrop elongates in the

direction of dip: the more the dip, the greater the elongation. Further,

if deeper horizontal slices are made, the pattern will progressively move

down dip. Also, as the reflection response consists basically of a top peak,

trough, and bottom peak, all three will be seen on a single time slice if the

channel is diping. The bottom reflection will, of course, be observed at the

updip end of the total channel reflection. The final case (0 degree dip) is

the situation refered to earlier; the whole channel is observed on a single

horizontal slice. If additional structure, such as faulting or warping, is

superimposed upon this simple picture, the observed patterns could become

quite complicated.

The time slice sections to be presented are positive polarity, or opposite

the vertical slice sections, such that a trough on a section will be character-

ized by a dark point on the time slice while a peak becomes a white spot.

Again, each CDP will be represented by a 15 ft x 15 ft square, or pixel,

on the time slice. The amplitude of the received signal at a given CDP

at a given time is represented by a grey scale (peak = white; trough = black).

A priori, from the previous section , we know that the reflections are dipping.

This means several different reflections will be observed on a single time
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slice (see, for example, figure 9b). An important part of reducing such time

slice data, then, includes determining which patterns observed belong to the

same reflection. This will become apparent when observing real data examples.

Figure 19 is an example of an uninterpreted time slice at a two-way

reflection time of 0.136 sec. The several patterns outlined have an apparently

random orientation. However, some may represent the top and bottom reflections

from the same reflector (because of dipping beds) while other patterns may

represent totally different reflectors. Each pattern, then, must be identified

with a given reflection event. To do this, we must go back and forth between

vertical slices and horizontal slices and make consistent identifications.

On the vertical sections, I identified three channels (A, B, and C) and

associated a top peak and a bottom peak with each. I will maintain this same

nomenclature by mapping only the top and bottom peaks ("white" areas) on the

time slice data. The total range of reflection times is from 0.095 set

(top of B and C in NE corner) to 0.175 set (bottom of A in SW corner). Four

time slices at times of 0.116, 0.120, 0.124, and 0.128 set are interpreted

and shown on figure 20. These times cut through the heart of channels B and

C and therefore should represent their trends very Well. The shallowest

slice (T = 0.116) shows that for B and C the dip is toward the lower left

and the pattern for each is generally elongate from left to right. The next

deepest slice intersects the top and bottom reflections over a greater area,

and the trend of the channels is more apparent. For comparison, the projected

limits of channel B taken from vertical slice data (from figure 17) are

superimposed on this time slice. Although displaced slightly towards the

bottom of the figure, the reflection pattern follows the two-dimensional

interpretation very well. On the third section, we observe that the deeper

channel (A) is starting to contribute more to the picture, and that the shal-

lower channel reflections are moving down dip and becoming less dominant.

These observations continue onto the deepest slice shown here. The trends

of channels A, B, and C, then, agree with the two-dimensional, vertical
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section interpretation. The observation that the inter-

pretations agree is not surprising as both represent different views Of the

same data. However, taken alone, either set has some uncertainty in the

validity of the interpretation; agreement between the two lends a great deal of

confidence to the common interpretation.

The overall interpretation, then, is that there are a minimum of three

channels which trend N 60° E across the seismic survey area in a depth range

of approximately 400 - 700 ft. One channel, C, is intersected by borehole

GC #l, and another, B, lies very close to C although slightly shallower. The

third channel, A, lies farther south of B and C, (approximately 300' S of 8)

has nearly the same trend, but is some 80-100 ft deeper than B. The channels

are typically 150 ft to 280 ft wide, on the order of 40 ft thick, and traverse

the whole survey area (i.e. minimum length of 1,080 ft). An additional,

questionable channel, called E, is observed on section 1 as a well developed

event. However, it is not clearly seen on section 2, save for a distortion

of channel A. If this can be assumed due to interference from E, then this

channel trends N loo E and lies some 180-200 ft below channel C in the area

of traverse 1. If a valid channel, this would imply that channel orientation

may change as a function of depth reflecting different fluvial conditions at

varied depositional periods.

5.0 COMPARISON WITH COREHOLE AND OUTCROP GEOLOGY

A test of the accuracy of the interpretation of the seismic data is by

comparison with geologic data available from corehole GC #l and from the

outcrop mapping performed by C. K. Geoenergy Corporation (CK).

CK geologists have measured the thickness and outcrop pattern of some

250 sandstone channels greater than 5 ft thick from the surface (Tuscher)

down into the Neslen fm. at the bottom of the cliffs. Besides purely geometric

descriptions, measurements of the channel trend were estimated using a

statistical approach as described by Knutson (1978). The study utilizes

numerous measurements of the orientations of primary structural elements
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(e.g. trough cross beds) within a single channel outcrop to determine channel

orientation. The only means of comparison of the two sets of data would be

either to project the sand channels from outcrop back into the survey/well

area or to project the seismic interpretation to outcrop. The latter might be

more meaningful because the outcrop study gives instantaneous, or single

point, orientation; that is, it gives flow direction at the outcrop position

and not really the average channel direction. The seismic interpretation

shows channel behavior over 1,080 ft and exhibits meandering behavior

as well as average trend. Given this as the means for comparison, I shall

attempt to project channels A, B, and C to their outcrop positions. As channel

C intersects the well, it is the logical starting point.

Elevation of the top of channel C in GC #l is given as 6,238 ft above

MSL. To determine where it will intercept the cliff face we need to know its

trend and its dip. The only measure of dip we have is in terms of reflection

time. The average value used will be 33 ms per 1,000 ft. This translates

to a dip along the channel axis of approximately 140 ft per 1,000 ft (8O). That

means, at a range of 1,500 ft from the well along azimuth N 60° E, the top of

channel C would be at an elevation of 6,425 ft. At a range of 900 ft from the

well, it would be at an elevation of 6,350 ft. It turns out, using the topo-

graphic map of figure 2 and the N 60° E azimuth, the channel top should

crop out at a range of 950 ft at an elevation of 6,370 ft. A similar treatment

of channels A and B would not exactly be possible as they are not tied to the

well. However, I can estimate their depths within traverse 3 by noting their

reflection times. Such an analysis yields approximate elevations of the tops of

A and B, respectively, as 6,075 ft and 6,190 ft at the middle of the channel

and at the middle of traverse 3. Projecting the same dip and the same azimuth

from these points, we find range and elevations of outcrop as (1,100 ft,

6,340 ft) for B and (1,200 ft, 6,240 ft) for A. On figure 21, a section of

the topographic map, the starting points within the survey, and the vectors to

the outcrop projections are all given. AlsO given on figure 21 are the OUtCrOp
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patterns of some sand channels which have been mapped by CK. The numbers

next to each are identification numbers used by CK. Obviously, these are

candidate channels actually observed which appear very near the projections

of A, B, and C. The nearness to the projection as well as their close proximity

to each other make channels 8 and 10 the most reasonable choice for C and B

respectively, while channel 7 occurs closest to the projected outcrop of A.

However, because of changing values of dip moving toward the crest of the

Westwater anticline, it is possible that channels 4 and 5 could represent

channels C and B. This uncertainty cannot be resolved. Measured and calculated

parameters of channels 4, 5, 7, 8, and 10 are presented (Knutson, personal

communication) along with the corresponding seismic determinations in Table I.

TABLE I Comparison of Seismic and Outcrop Descriptions of Channel Sandstones

Channel Elevation (top) Thickness Width

A 6,240 40 (?I 240

7 6,240 8 ?

B 6,340 40 (?I 150

10 6,400 20 240

5 6,280 10 3

C 6,370 40 (?) 285

8 6,410-6,420 26' 375'

4 6,310-6,320 25' 7

t average bearing of meandering channel

* bearing of meander based on single point

Bearing

N 60° Et

N 25O E*

N 60° Et

N 100° E*

N 25O E*

N 60° Et

N O” E*

N 20° E*

Note from the comparison that the most glaring discrepancy lies in the channel

bearing. This is due, as mentioned previously, to cmparing average channel

trend with a single point trend, or trend of a meander section. From both the

21



two dimensional map projection (Figure 17) and the time slice data (figure 20),

we can easily observe that the channel patterns are not straight, but do

meander. The N 60" E is the average bearing, but, on channel C for example,

the bearing varies from N 16O E to N llO" E depending upon position along the

channel. If seismic coverage extended out to outcrop, the trend at outcrop

could easily be determined. All that can be attempted here is to assume that

the meandering can be described by a regular curve such as a sine wave and

predict channel orientation by extrapolation. Channel B,for example, can be

fit with a sine wave having a wavelength of 1,100 ft. If we use this figure

for all three channels and utilize the ranges to outcrop of 950 ft for C,

1,100 ft for B, and 1,200 ft for A, the following estimates of meander trend

at outcrop are derived A - N60°E; B-N80°E; C-N1lOOE.  That is, A and B agree

quite well with channels 7 and 10 from the outcrop study while channels C

and 8 are in even worse agreement. Channel 8, trending north, is quite

anomalous compared to other observed channel trends at this level, although

some seismic evidence indicating other than the N 60° E trend exists at other

depth levels. The position of channel 8 still is best suited as the interpreted

counterpart of seismic channel C, the discrepancy in trend needs to be explained.

Possible explanations include: a) channel 8 is actually a different channel

which has eroded down through C at this position, b) an error occurred in

calculation of the outcrop analysis, c) channel C actually corresponds to

another channel, such as number 4 or, d) meanders cannot be described by a

simple sine function. It is not likely that this discrepancy can be resolved.

6.0 CONCLUSIONS

Both the cross-sectional appearance of discontinuous events and the

meandering nature of these events as they are seen in map view lead to the

conclusion that they do represent sandstone channels. The events are discon-

tinuous in a lateral sense only; they do exhibit continuity along their long

axes as would be expected. The seismically interpreted shapes of the three

channels described are in agreement with the normally observed sandstone
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channels in this area. Projection of seismically observed patterns to outcrop

encounters real channels at or near the predicted position whose geometries

are similar to those predicted. Trend of the channel at OUtCrOp, Comparing

seismic prediction with stratigraphic estimation, is less in agreement.

However, considering that the seismic estimate is based upon a mathematical

extrapolation and that the stratigraphic estimate has some statistical un-

certainty, the agreement for all but channel C is quite good. The primary

uncertainties found in the seismic data revolve around depicting an accurate

geometry (i.e. thickness and width) of individual lenses. Current data

processing developments (wavelet extraction, amplitude analysis), together with

more detailed model studies might help resolve the thickness variations of

these relatively thin beds. Migration of the data would be useful in delineat-

ing the width although this is a less confining problem. The main success of

this experiment is felt to be in the determination of channel trend; both the

azimuthal bearing and the dip. This is important for predicting where subse-

quent wells might be placed to encounter the same channel and also how the

channel trends in relation to the in situ stress field - an important aspect of

massive hydraulic fracturing treatment.
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FIG. 2 Topographic map of Bryson Canyon gas field and locat
of seismic survey. Seismic coverage is within the

ion

rectangular area on map.
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FIG. 5 Synthetic seismogram from sonic log of well GC #l.
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FIG. 8 Raw output of tw4Hm$
.I,..y 7

by an 8 x 6 aor~~h~ t
scale is travel time in +econda.
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a b c

FIG. 9 Perspective view of three 3-D structural situations:
al horizontal planar beds, -hl dipping planar beds,
and c) dipping folded beds.

33



-
 0

.0
- - - - - - - - =

 
0

.
1

- - - - - - - - =
 0

2
- - - - - - - - - -

 
a3

- - - - - - - - - -
 

0.
3

- - - - - - - -

FI
G.

10
 
Pa

rt
 
of

 
tr

av
er

se
 
se

ct
io

n 
3 

to
ge

th
er

 
wi

th
 
CG

 
Xl

sy
nt

he
ti

c 
at

 a
pp

ro
xi

ma
te

 l
oc

at
io

n 
of

 w
el

l.



g
e

R
e

g
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
II
II
II
II
II
II
II
II
II
II
II
II
II
II
II
I

I 
Il
l 
Il
l 

I 
I I
’l
l 

II 
ll
ll
o

”
l 

I 
Il
l 

I l
ol

 I
ll
’ 
ll
ll
~

l 
I 
ll
ll
ll
l~

x
b

k
i-

i>

0
0

0
0

0

I I
 I 

I i
 I 

I I
 I
fI

 I 
I I

 I 
I I

 I 
IY

I I
 I 

I I
 I 

I I 
l”;

i I
 I 

I I
 I 

I I
 l

;il
 I 

I I
 I 

I I 
I I

P



ox)= -&j-J I ! ! j j J I ITI- .---- .I. i--l--- .

Hiif =
0.4: i I

---

dY8li-l

--

+- ZOA
t--r --I--c -----

TRAVERSE 2

--
-

--
----

FIG. 12 Traverse 2 seismic section; a)
b) interpreted.

uninterpreted,

36



Ox)=
-------

-------

= 0.0
-------
zo.1
-------
f0202E

-------
0.3:

OAF i
z ii
----- II

I

_ _.
.__ _.

9

_ __
il..‘ “”

rr+;f.,

kg
LT...+
;<,I$
a)’
;Ix$;
t’. ‘..

.._
.

.-

-i

-------

-------
EO.4
--------

= 0.0
-------
go.1
-------
:02
-------
EO.3
-------
ZO.4
------
-

FIG. 13 Traverse 1 seismic section: a) uninterpreted,
b) interpreted.

37



TRAVERSE  4

=o.o--- -

L-

--
zo.1

P-2
::, 1
p 1
+ =02
i =I =

~

---

;03
------

Eon
--------

FIG. 14 Traverse 4 seismic section: a) uninterpreted,
b) interpreted.

38



-------

-----

--
0.45

--

TRAVERSE 5

i 1

Ir,ll! zo.4
--------

FIG. 15 Traverse 5 seismic section; a) uninterpreted,
b) interpreted.

39



TRAVERSE 6

TI

. .

i

..-

‘%
c.-
f:

) 8; I ,
::;,

.

i

L.._-1 ., :..:1..
.,.. ._, .. ._I- ,-I-i,; ... . .

=o.o
-------
zo.1
-

-------

FIG. 16 Traverse 6 seismic section; a) uninterpreted,
b) interpreted.

40



FI
G.

 1
7 

Ma
p 

pr
oj

ec
ti

on
 o

f 
ch

an
ne

ls
 "

A"
, 

"B
",
 a

nd
 "

C"
as

 d
et

er
mi

ne
d 

fr
om

 t
ra

ve
rs

es
 l

-6
 s

ei
sm

ic
 d

at
a.

Th
e 

th
re

e 
un

it
s 

ar
e 

at
 d

if
fe

re
nt

 d
ep

th
s:

 t
he

 l
ar

ge
do

ts
 m

ar
k 

ch
an

ne
l 

ed
ge

 p
os

it
io

ns
 d

et
er

mi
ne

d 
on

th
e 

se
ct

io
ns

.



D I P  A N G L E  - 90

D I P  A N G L E  - 4 5

D I P  A N G L E  - 1 0

D I P  A N G L E  - 0

FIG. 18 Horizontal cross-sections, or outcrop patterns,
of the same, elliptical channel for four
different values of dip. For the 90 degree
section, the channel is vertical: for the 0
degree section, the channel is horizontal.
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T=O.l16seic. T=0.120 sec.

four millisecond slices. "Top" represents the
top peak of the given channel reflection;
"Bottom" represents the bottom peak. Super-
imposed on the 0.120 set slice is the pattern
of channel B from Figure 17.

T=O.l24sec. T=O.l28sec.

FIG. 20 Interpreted time slices_ -. of 3-D seismic data at
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